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In this paper, we present a study of the influence of non-equilibrium microplasma jets (“plasma 
bullets”) on the hydrodynamics of a helium jet operating in open air. The helium jet is produced by 
a flow of helium through a hollow, cylindrical microdischarge configuration. A plasma jet, 
triggered by the microdischarge, can propogate in the laminar zone of the helium jet which extends 
some distance from the exit plane of the microdischarge. We used Schlieren photography to 
visualize the point of transition from laminar to turbulent regime of the helium jet and the change 
in the transition point due to the plasma jet for different operating conditions.  
 
 
1. Introduction 
 
Non-equilibrium plasma jets operating at 
atmospheric pressure have attracted the attention of 
many researches around the world [1] because of the 
wide range of potential applications, particularly in 
the biomedical field. Plasma jets can be generated in 
open air in a simple microdischarge configuration by 
flowing helium (≈10 m·s-1) through a coaxial 
dielectric barrier discharge chamber (DBD) excited 
by impulse voltages (≈5 kV) at frequencies of some 
tens of kHz. The plasma is launched in the helium 
jet surrounded by open air with much higher 
velocity (≈105 m·s-1) than the helium flow. Thus, the 
plasma is not advected by the helium flow. Teschke 
et al [2] and Lu and Laroussi [3] have shown that the 
seemingly continuous plasma jet consists in fact of a 
succession of fast ionization waves. 
Our experimental device consists of a dielectric 
tube (Øint=2.35 mm) separating two cylindrical 
electrodes. The high voltage electrode is inside the 
tube while the outer electrode is grounded and glued 
to the tube (Fig. 1). The helium flow rate is such that 
the Reynolds number is typically between 100 and 
600. A pulsed, high-voltage (3-5.5 kV) pulse with a 
rise time of 150 ns, duration of 400 ns, with 
frequency of 2 kHz-50 kHz is applied to the inner 
electrode. The grounded electrode is positioned 
2 mm from the exit of the tube and the high voltage 
 
 
 
Figure 1. Presentation of the device. 
 
 
electrode is at 6 mm. Figure 1 is a schematic of our 
experimental device.  
As has been noted previously [2], the helium 
flow has to be laminar at the exit of the dielectric 
tube in order for a plasma jet to propagate. In this 
communication we show Schlieren images of the 
helium jet with and without plasmas for various 
conditions of flow rate, applied voltage and 
frequency. For each condition we measure the 
distance from the exit of the dielectric tube to the 
point of the transition from laminar to turbulent 
regime. 
 
2. Influence of Reynolds number 
 
Figure 2 shows Schlieren images of the helium 
jet without (upper panel) and with (lower panel) 
plasma, the plasma operating at 20 kHz and 5.5 kV 
and for different Reynolds numbers - increasing gas 
flow rate - from left to right. The microdischarge is 
visible on the bottom of each figure. Each image 
shows a vertical distance of 10 cm from the exit of 
the microdischarge. It is apparent in this figure that 
for Reynolds numbers of about 250 and lower, the 
generation of a plasma jet leads to an upstream 
offset of the laminar-turbulent transition. Below a 
Reynolds number of 240 and without plasma, the 
transition point is outside the volume visible in the 
Schlieren images. 
For higher Reynolds numbers, where the laminar-
turbulent naturally transition occurs earlier, there is a 
decreasing influence of the plasma on the length of 
the laminar zone. In typical plasma jet 
configurations reported in literature, the Reynolds 
numbers range is from about 100 to 500. 
  
Fig.2. Transition point without (upper panel) and with (lower 
panel) plasma as function of the Reynolds numbers. The plasma 
is generated by a 5.5 kV pulse operating at 20 kHz.  
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 Fig. 3. Transition point without and with plasma as function of 
the Reynolds numbers, taken from the data shown in fig. 2.  
 
3. Influence of applied voltage 
 
We measured the transition point in the same 
configuration as described above for applied 
voltages from 3.0-5.5 kV and for different Reynolds 
numbers. These results are shown in fig. 4 for 
Reynolds numbers of 200 and 550 as a function of 
the applied voltage. We see that for low Reynolds 
numbers (Re<250) the influence of plasma jet on the 
transition point is more important for higher applied 
voltage until about 4.5 kV beyond which the 
influence of the plasma is constant. For higher 
Reynolds numbers, there is no obvious influence of 
the plasma on the transition point.  
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 Fig. 4. Transition point as function of the applied voltage for 
two Reynolds numbers. The plasma is generated by a pulse 
operating at 20 kHz. 
  
4. Influence of operating frequency 
 
The transition point as a function of frequency of 
the applied voltage is shown in fig. 5 for 4.2 and 
5 kV. The Reynolds number for these results is fixed 
at 240, which corresponds to a gas flow rate of 
3.2 L·min
-1
. The length of the laminar region 
depends on the frequency of generation of the 
plasma bullets, decreasing by up to 30% as the 
plasma jet frequency increases from 2 kHz to 12 
kHz, and thereafter remaining constant for operating 
frequencies up to 50 kHz (the highest frequency 
available for these experiments). 
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 Fig. 5. Transition point as function of the applied frequency for 
two voltages for a Reynolds number of 240.  
 
5. Conclusion 
 
These measurements of the position of the 
transition point from laminar to turbulent regime 
show that the plasma has an influence on the 
hydrodynamics of the helium jet. This influence is 
more important for lower Reynolds numbers and 
higher voltages. The influence of the plasma is more 
important for higher operating frequency, but the 
effect appears to saturate for frequencies greater than 
about 12 kHz. 
From studies of surfaces discharges in open air 
for flow control applications, it is known that the ion 
wind generated by the discharge can affect the gas 
velocity parallel to the surface in the boundary layer 
in such a way as to enhance the transition to 
turbulence [4]. The ion wind generated by the micro 
discharge used to trigger the plasma jet as well as by 
the plasma jet itself (guided by the air/helium 
interface) could have similar consequences on the 
transition in the helium jet. 
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